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57] ABSTRACT

A C49-structured titanium silicide film contains at least a
refractory metal having a higher melting point than titanium
in the form of a substitutional solid solution, wherein a
concentration of the refractory metal to a total amount of
fitanium and the refractory metal 1s in the range of above 1
at % to not less than 20 at %. On silicon, there 1s formed a
fitanium {ilm which contains at least a refractory metal
having a higher melting point than titanium, wherein a
concentration of the refractory metal to a total amount of
titanium and the refractory metal is in the range of above 1
at % to not less than 20 at %. The titanium film 1s then
subjected to a heat treatment 1n an mert gas atmosphere for
causing a silicidation reaction, thereby to form a (C49-
structured titanium silicide film which contains the above at
least a refractory metal in, the form of a substitutional solid
solution.

23 Claims, 7 Drawing Sheets
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C49-STRUCTURED TUNGSTEN-
CONTAINING TITANIUM SALICIDE
STRUCTURE AND METHOD OF FORMING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of copending application
Ser. No. 08/862,960, filed Jun. 2, 1997.

BACKGROUND OF THE INVENTION

The present invention relates to an 1mproved (C49-
structured titanium salicide structure 1n semiconductor
device, and method of forming the same.

Titanium 1s the most attractive refractory metal for sili-
cidation reaction process as titanium silicide has a lowest
clectrical resistivity in any refractory metal suicides and
improvement and development in titanium silicide are most
important and receive a great deal of attention in the
silicidation techniques.

A conventional method of forming titantum salicide struc-
ture over a silicon substrate will be described with reference
to FIGS. 1A through 1E which are fragmentary cross sec-
tional elevation views illustrative of fabrication processes
for fabricating CMOS ftransistors having a titantum salicide
structure over a silicon substrate.

With reference to FIG. 1A, an n-well region 2 1s selec-
fively formed 1n a p-type silicon substrate 1 by an 10n-
implantation of n-type impurity. Field oxide films 3 are
selectively formed on a surface of the silicon substrate 1 by
a local oxidation of silicon method. The filed oxide films 3
have a thickness of 300 nanometers. The filed oxide films 3
surround active regions on the n-well region 2 and the
surface region of the p-type silicon substrate 1. Gate oxide
f1lms 4 are formed on the active regions on the n-well region
2 and the surface region of the p-type silicon substrate 1. The
cgate oxide films 4 have a thickness of 6 nanometers. A
polysilicon film having a thickness of 150 nanometers 1s
entirely formed, which extends over the field oxide films 3
and the gate oxide films 4. The polysilicon film 1s patterned
by a photo-lithography method and a subsequent dry etching,
method to form gate electrodes 5 on the gate oxide films 4
formed on the active regions on the n-well region 2 and on
the surface region of the p-type silicon substrate 1. By use
of photolithography, an i1on-implantation mask i1s formed
over the n-well region 2 before lightly n-doped diffusion
layers 14 are formed in the surface region of the silicon
substrate 1 by 1on-implantation of n-type impurity 1n seli-
alignment. The 1on-1mplantation mask 1s removed and there-
after by use of the photo-lithography, another 1on-
implantation mask 1s formed over the surface region of the
silicon substrate 1 before lightly p-doped diffusion layers 15
are formed 1n the surface region of the n-well region 2 by
lon-implantation of p-type impurity in self-alignment. The
other 1on-1mplantation mask 1s removed. As a modification,
it 1s, of course, available that the lightly p-doped diffusion
layers 15 have been formed before the lightly n-doped
diffusion layers 14 are formed. A silicon oxide film having
a thickness of 70 nanometers 1s entirely formed which
extends over the filed oxide films 3, the lightly n-doped
diffusion layers 114, the lightly p-doped diffusion layers 15
and the gate electrodes 5. The silicon oxide film 1s then
selectively removed by an etch back method to form side
wall oxide films 6 at opposite sides of each of the gate
clectrodes 5.

With reference to FIG. 1B, still another 1on-implantation
mask 1s formed over the surface region of the n-well region
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2 and the gate electrode 5 over the n-well region 2, before
ion-implantation of p-type impurity into the surface region
of the surface region of the silicon substrate 1 as well as nto
the gate electrode § over the surface region of the silicon
substrate 1 are carried out by self-alignment technique to
thereby form an n-type polysilicon gate electrode 9 over the
silicon substrate 1 and n-type source/drain diffusion layers 7
in the surface region of the silicon substrate 1. After the still
other 1on-implantation mask 1s removed, yet another 10n-
implantation mask 1s formed over the surface region of the
silicon substrate 1 and the gate electrode 5 over the silicon
substrate 1. Ion-implantation of p-type impurity into the
n-well region 2 as well as into the gate electrode 5 over the
n-well region 2 are carried out by self-alignment technique
to thereby form a p-type polysilicon gate electrode 10 over
the n-well region 2 and p-type source/drain diffusion layers
8 1n the surface region of the n-well region 2. As a
modification, it 1s, of course, possible that the p-type poly-
silicon gate electrode 10 and the p-type source/drain diffu-
sion layers 8 have been formed before the n-type polysilicon
gate electrode 9 and the n-type source/drain diffusion layers
7 are formed. Subsequently, the silicon substrate 1 1s sub-
jected to a heat treatment at a temperature of 900° C. for 20
minutes 1n a nitrogen atmosphere for recovery from crystal
defects caused by 1on-implantation and for activation of
impurity doped thereinto. As a result, n-type source/drain
diffusion layers 7 with lightly doped drain structure and
p-type source/drain diffusion layers 8 with lightly doped
drain structure are formed.

Spontaneous oxide films are removed by diluted fluorine
acid solution from surfaces of the n-type and p-type poly-
silicon gate electrodes 9 and 10 as well as from surfaces of
the n-type source/drain diffusion layers 7 and the p-type
source/drain diffusion layers 8. Subsequently, a titanium film
11 1s entirely deposited by sputtering a target of titanium.
The titanium film 11 extends over the field oxide films 3, the
n-type and p-type source/drain diffusion layers 7 and 8, the
n-type and p-type polysilicon gate electrodes 9 and 10 and
the side wall oxide films 6.

With reference to FIG. 1C, the silicon substrate 1 1s
subjected to a rapid thermal annealing at a temperature of
700° C. in a nitrogen atmosphere to cause silicidation
reactions. The titanium film 11 in contact with the n-type and
p-type source/drain diffusion layers 7 and 8 and the n-type
and p-type polysilicon gate electrodes 9 and 10 shows
silicidation reactions of titanium and tungsten with silicon or
polysilicon. As a result, C49-structured titanmium silicide
films 12 are provided in self-alignment or salicidation tech-
nique so that the C49-structured titanium silicide films 12
extend over the n-type and p-type source/drain diffusion
layers 7 and 8 and the n-type and p-type polysilicon gate
electrodes 9 and 10. On the other hand, the titanium film 11
in contact with the field oxide films 3 and the side wall oxide
films 6 as well as a surface region of the titantum film 11
show nitration reaction of titanium and tungsten with nitro-
oen. As a result, a titanium nitride film 13 1s provided, which
extends over the field oxide films 3 and the side wall oxide
films 6 as well as over a surface of the (C49-structured
titanium silicide film 12.

With reference to FIG. 1D, only the titantum nitride films
13 are removed from the field oxide films 3 and the side wall
oxide films 6 by a wet etching with a mixing solution of
ammonia water and hydrogen peroxide water. The substrate
1s then subjected to a rapid thermal anneal at a temperature
of 800° C. to cause a phase transition from C49-structure
into C54-structure whereby the C49-structured titanium
silictde film 12 1s made into a C54-structured titanium
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silicide film 16. The C54-structured titanium silicide film 16
1S lower 1n sheet resistance than the C49-structured titanium

silicide film 12.

With reference to FIG. 1E, a first inter-layer insulator 17
made of silicon oxide 1s entirely deposited which extends
over the C54-structured titanium silicide film 16, the field
oxide films 3 and the side wall oxide films 6. Subsequently,
a second inter-layer insulator 18 made of silicon oxide
containing impurity such as boron or phosphorus is depos-
ited over the first inter-layer insulator 17. The first and
second inter-layer insulators 17 and 18 are anncaled by a
furnace-anneal at a temperature of 800° C. The C54-
structured titanium silicide films 16, however, show defor-
mations into 1slands. As a result, the C54-structured titanium
silicide films 16 vary 1n thickness and in sheet resistance.
The averaged sheet resistance of the C54-structured titanium
silicide films 16 post-annealed at 800° C. is increased.

In order to solve those problems, it was proposed to
introduce oxygen and boron into the titanium silicide film by
lon-implantation before titantum oxide and titanium borate
are formed by post-anneal. Those techniques are disclosed 1n
Japanese laid-open patent publication No. 3-80542 and
reported 1n a meeting of Japan Applied Physics Society held
in Autumn 1995.

However, the heat resistance of such titanium silicide film
containing titanium oxide and/or titanium borate 1s msuffi-
clent.

It was known that, since C49-structured titanium silicide
has a higher resistivity than C54-structured titanium silicide,
in order to reduce a resistivity, 1t 1s effective to carry out a
rapid thermal anneal at a high temperature of not less than
800° C. to cause a phase transition of C49-structure into
C54-structure. The C54-structured titanium silicide has a
larger grain size than the C49-structured titanium silicide.
On the other hand, the C54-structured titanium silicide has
a larger crystal grain size than the C49-structured titanium
silicide the C54-structure, whilst the C54-structured tita-
nium silicide titanium silicide has a lower heat resistance
than the C49-structured titanium silicide. If the crystal grain
s1ze 1S mcreased, then the heat resistance 1s decreased. The
(C54-structured titanium silicide 1s more than 10 times larger
in crystal grain size than the (C49-structured titanium sili-
cide. This means that the C54-structured titanium silicide 1s
much inferior 1n heat resistance than the (C49-structured
fitantum silicide. This was reported and 1s disclosed 1in

Journal of Applied Physics 72(2), Jan. 15, 1992, pp.
720-724.

FIG. 2 1s a photograph taken by transmission electron
microscope and illustrative of C49-structure crystal grains
and co-existent C54-structure crystal grains during a phase
transition from C49-structure mnto C54-structure caused by a
rapid thermal anneal at a temperature of 650° C. for 30
seconds after a titantum film of 40 nanometers 1n thickness
has been deposited on amorphous silicon. Small crystal
orains with fine stripe patterns caused by plane lattice
defects or staking faults correspond to C49-structured crys-
tal grains, whilst large crystal grains correspond to C54-
structured crystal grains. If, in such case, the titanium film
1s deposited on amorphous silicon, a titanium silicidation
reaction may be caused by a relatively low temperature. This

was reported and 1s disclosed 1n Material Research Society
Symposium Proceedings 1990 Vol. 181, pp. 167-172.

By the way, the titanium silicide structure or the titantum
salicide structure may be applied to a semiconductor device
such as MOS field effect transistor. In this case, after the
titantum salicide structure has been formed over a silicon
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substrate, an 1nter-layer insulator 1s deposited over the
fitanium salicide structure and then the substrate or 1nter-lay
insulator 1s subjected to an anneal at a high temperature of,
for example, not less than 800° C. If, in order to obtain a

reduced resistivity, the C54-structured titantum silicide were
once formed over silicon or polysilicon regions over the
silicon substrate, then the C54-structured titanium silicide 1s
subjected to the anneal at a high temperature of not less than
800° C. Since, however, C54-structured titanium silicide
film 1s inferior 1n heat resistance, the C54-structured tita-
nium silicide film 1s likely to be deformed into 1slands or to
be made largely vary in thickness. As a result, the deformed
(C54-structured titanium silicide film largely varies 1n sheet
resistance. Particularly when the (C54-structured titanium
silicide film 1s used as a fine-structured interconnection
having a reduced width, then the problems with deformation
of the C54-structured titanium suicide film mto the island
like shape and with the variation in sheet resistance of the
deformed C54-structured titamium silicide film would be
Mmore SErious.

In the above circumstances, 1t had been required to
develop a novel titanium silicide film which has a high
heat-resistance and a low sheet resistance.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a titanium silicide film free from the problems as
described above.

It 1s a further object of the present invention to provide a
titanium silicide film which 1s highly heat-resistive.

It 1s a still further object of the present invention to
provide a fitanium silicide film which has a low sheet
resistance.

It 1s yet a further object of the present invention to provide
a titanium silicide film which 1s suitable for fine electrode or
interconnection with a small width.

It 1s a further more object of the present invention to
provide a titanium salicide structure free from the problems
as described above.

It 1s moreover object of the present invention to provide
a titanium silicide film which 1s highly heat-resistive.

It 1s st1ll more further object of the present invention to
provide a titanium salicide structure which has a low sheet
resistance.

It 1s yet more object of the present invention to provide a
titanium salicide structure which 1s suitable for fine elec-
trode or interconnection with a small width.

It 1s another object of the present invention to provide a
novel method of forming a titanium silicide film free from
the problems as described above.

It 1s further another object of the present invention to
provide a novel method of forming a titanium silicide film
which 1s highly heat-resistive.

It 1s still another object of the present invention to provide
a novel method of forming a titanium silicide film which has
a low sheet resistance.

It 1s yet another object of the present invention to provide
a novel method of forming a titanium suicide film which 1s
suitable for fine electrode or interconnection with a small

width.

It 1s an additional object of the present mvention to
provide a novel method of forming a titantum salicide
structure free from the problems as described above.

It 1s a further additional object of the present invention to
provide a novel method of forming a titanium silicide film
which 1s highly heat-resistive.
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It 1s still further additional further object of the present
invention to provide a novel method of forming a titanium
salicide structure which has a low sheet resistance.

It 1s yet further additional object of the present invention
to provide a novel method of forming a titanium salicide
structure which 1s suitable for fine electrode or interconnec-
tion with a small width.

The above and other objects, features and advantages of
the present invention will be apparent from the following
descriptions.

The present invention provides a C49-structured titanium
silicide film which contains at least a refractory metal having
a higher melting point than titanium in the form of a
substitutional solid solution, wherein a concentration of the
refractory metal to a total amount of fitanium and the
refractory metal 1s 1n the range of above 1 at % to not more

than 20 at %.

The present mvention also provides a titanium salicide
structure comprising a first C49-structured titantum silicide
f1lm self-aligned on a polysilicon gate electrode, and second
C49-structured titanium silicide films self-aligned on
source/drain diffusion regions, wherein each of the first and
second C49-structured titanium silicide films contains at
least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution, and
wherein a concentration of the refractory metal to a total
amount of titanium and the refractory metal 1s 1n the range
of above 1 at % to not more than 20 at %.

The present mvention also provides a method of forming
a C49-structured titanium silicide film on silicon, On silicon,
there 1s formed a titanium film which contains at least a
refractory metal having a higher melting point than titanium,
wherein a concentration of the refractory metal to a total
amount of titanium and the refractory metal 1s in the range
of above 1 at % to not more than 20 at %. The titanium film
1s then subjected to a heat treatment 1n an inert gas atmo-
sphere for causing a silicidation reaction, thereby to form a
C49-structured titantum silicide film which contains the
above at least a refractory metal in the form of a substitu-
tional solid solution.

The present invention also provides a method of forming,
a titanium salicide structure over a silicon substrate. Thick
insulation films are selectively formed over a silicon sub-
strate so that the thick insulation films surround an active
region of the silicon substrate. A gate insulation film 1is
formed on the active region of the silicon substrate. A
polysilicon gate electrode 1s formed on the gate insulation
film. Source drain diffusion regions are self-aligned in the
silicon substrate. Side wall 1nsulation films are formed at
opposite sides of the polysilicon gate electrode. A titanium
film 1s deposited which extends over the thick insulation
film, the side wall insulation films, the polysilicon gate
clectrode and the source/drain diffusion regions. The tita-
nium film contains at least a refractory metal having a higher
melting point than titanium, wherein a concentration of the
refractory metal to a total amount of titanium and the
refractory metal 1s in the range of above 1 at % to not more
than 10 at %. The titantum film 1s subjected to a heat
treatment at a temperature of 690° C. in an inert gas
atmosphere for causing a silicidation reaction, thereby to
form a first C49-structured titanium silicide film self-aligned
on the polysilicon gate electrode and second C49-structured
fitantum silicide films self-aligned on the source/drain dif-
fusion regions whilst the titanium film extending over the
thick insulation films and the side wail insulation films
shows no silicidation reaction as well as a part of the
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fitanium {ilm extending over the polysilicon gate electrode
and the source/drain diffusion regions shows no silicidation
reaction. The titantum film having shown no silicidation
reaction 1s removed by a wet etching. An inter-layer insu-
lator 1s deposited which extends over the first and second
(C49-structured titanium silicide films, the thick isulation
films and the side wall insulation films. The inter-layer
insulator and the first and second C49-structured titanium

silicide films are subjected to an anneal at a temperature of
nor less than 800° C. whereas each of the first and second

C49-structured titanium silicide films has a sheet resistance
of not more than 60 uf2cm, and shows no phase transition.

BRIEF DESCRIPTIONS OF THE DRAWINGS

Preferred embodiments of the present mmvention will be
described 1n detail with reference to the accompanying
drawings.

FIGS. 1A through 1E are fragmentary cross sectional
elevation views 1llustrative of the conventional fabrication
processes for fabricating CMOS transistors having a ftita-
nium salicide structure over a silicon substrate.

FIG. 2 1s a photograph taken by transmission electron
microscope and illustrative of C49-structure crystal grains
and co-existent C54-structure crystal grains during a phase
transition from C49-structure into C54-structure caused by a
rapid thermal anneal at a temperature of 650° C. for 30
seconds after a titanium film of 40 nanometers 1n thickness
has been deposited on amorphous silicon.

FIG. 3 1s a diagram 1llustrative of variations in sheet
resistance of a titanium silicide film and a 5 at %-tungsten
containing titanium silicide film versus temperatures of a
rapid thermal anneal used for causing silicidation reaction of
fitanium and 5 at %-tungsten containing titanium, wherein
both a fitanium film free of tungsten and a titanium film
containing tungsten at a 5 at % concentration of tungsten to
a total amount of titanium and tungsten are subjected to a
rapid thermal anneal at various temperatures for 30 seconds.

FIG. 4 1s a diagram 1llustrative of variations 1n resistivity
of tungsten containing titantum silicide film versus concen-
frations 1n atomic percent of tungsten to a total amount of
fitanium and tungsten, wherein tungsten is present in the
form of substitutional solid solution, namely titanium atoms
in the C49-structured titanium silicide are substituted or
replaced by tungsten atoms at various atomic percents.

FIG. 5 1s a diagram 1llustrative of sheet resistances of the
C49-structured 5 at %-tungsten containing titanium silicide
f1lms and the tungsten free C54-structured titanium silicide
films non-annealed and furnace-annecaled for 1 hour at
temperatures of 750° C. and 800°0 C. to an inter-layer
insulator extending over them, after the both silicide films
have been formed on n-type gate electrodes having a width
of 0.2 um.

FIG. 6 1s a diagram 1llustrative of sheet resistances of the
(C49-structured 5 at %-tungsten containing titanium silicide
films and the tungsten free C54-structured titanium silicide
films non-annealed and furnace-annealed for 1 hour at
temperatures of 750° C. and 800° C., to an inter-layer
insulator extending over them, after the both silicide films
have been formed on n-type source/drain diffusion layers
having a width of 0.5 um.

FIGS. 7A through 7E are fragmentary cross sectional
clevation views 1illustrative of fabrication processes for
fabricating CMOS transistors having a tungsten containing
fitanium salicide structure over a silicon substrate in a first
embodiment according to the present invention.

FIGS. 8A through 8F are fragmentary cross sectional
clevation views 1illustrative of fabrication processes for
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fabricating CMOS transistors having a tungsten containing
fitanlum salicide structure over a silicon substrate 1 a

second embodiment according to the present invention.

FIGS. 9A through 9E which are fragmentary cross sec-
fional elevation views 1illustrative of fabrication processes
for fabricating CMOS transistors having a tungsten contain-
ing titanium salicide structure over a silicon substrate 1n a
third embodiment according to the present imnvention.

DISCLOSURE OF THE INVENTION

The first present invention provides a (C49-structured
fitantum silicide film which contains at least a refractory
metal having a higher melting point than titantum in the
form of a substitutional solid solution, wherein a concen-
tration of the refractory metal to a total amount of titanium
and the refractory metal 1s 1n the range of above 1 at % to
not more than 20 at %.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.

It 1s possible that the C49-structured titantum silicide film
contains a plurality of refractory metals having higher
melting points than titanium.

It 15 also possible that the C49-structured titanium silicide
film shows no phase transition when the (C49-structured
titantum silicide film 1s subjected to a heat treatment of not

less than 800° C.

It 15 also possible that the C49-structured titanium silicide
f1lm further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
tutional solid solution, provided that the additional refrac-
tory metal has a lower concentration than the refractory
metal having a higher melting point than titanium so that the
C49-structured titanium silicide film remains highly heat-
resistive and shows no deformation when the C49-structured
fitanium silicide film 1s subjected to a heat treatment of not

less than S00° C.

It 1s preferable that the C49-structured titanium silicide
film has a sheet resistance of not more than 50 uf2cm.

The second present invention provides a C49-structured
fitantum silicide film which contains at least a refractory
metal having a higher melting point than titantum in the
form of a substitutional solid solution, wherein the (C49-
structured titanium silicide film has a sheet resistance of not
more than 60 #£2cm, and shows no phase transition when the

C49-structured titanium silicide film 1s subjected to a heat
treatment of not less than 800° C.

It 1s preferable that a concentration of the refractory metal
fo a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.

It 1s possible that the C49-structured titantum silicide film
contains a plurality of refractory metals having higher
melting points than titanium.

It 15 also possible that the C49-structured titanium silicide
film further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
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tutional solid solution, provided that the additional refrac-
tory metal has a lower concentration than the refractory
metal having a higher melting point than titanium so that the
(C49-structured titanium silicide film remains highly heat-
resistive and shows no deformation when the C49-structured
titanium silicide film 1s subjected to a heat treatment of not

less than S00° C.

The third present invention provides a (C49-structured
titanium silicide film which contains at least a refractory
metal having a higher melting point than titanium 1in the
form of a substitutional solid solution, wherein a concen-
tration of the refractory metal to a total amount of titanium
and the refractory metal 1s not more than 20 at % so that the
(C49-structured titanium silicide film shows no phase tran-
sittion when the C49-structured titanium silicide film 1s
subjected to a heat treatment of not less than 800° C.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
It 1s possible that the C49-structured titanium silicide film

contains a plurality of refractory metals having higher
melting points than titanium.

It 1s also possible that the C49-structured titanium silicide
f1lm further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
tutional solid solution, provided that the additional refrac-
tory metal has a lower concentration than the refractory
metal having a higher melting point than titanium so that the
(C49-structured titanium silicide film remains highly heat-
resistive and shows no deformation when the C49-structured
titanium silicide film 1s subjected to a heat treatment of not

less than S00° C.

It 1s preferable that the C49-structured titanmium silicide
film has a sheet resistance of not more than 50 uf2cm.

The fourth present mvention provides a C49-structured
titanium silicide film which contains tungsten in the form of
a substitutional solid solution, wherein a concentration of
tungsten to a total amount of titanium and tungsten 1s in the
range of above 1 at % to not more than 10 at % so that the
(C49-structured titanium silicide film has a sheet resistance
of not more than 50 #£2, and that the C49-structured titanium
silicide film shows no phase transition when the (C49-

structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

It 1s preferable that the concentration of tungsten to the
total amount of titanium and tungsten 1s 5 at %.

The fifth present mvention provides a titanium salicide
structure comprising a first C49-structured titanium silicide
f1lm self-aligned on a polysilicon gate electrode, and second
C49-structured titanium silicide films self-aligned on
source/drain diffusion regions, wherein each of the first and
second C49-structured titanium silicide films contains at
least a refractory metal having a higher melting point than
titantum 1n the form of a substitutional solid solution, and
wherein a concentration of the refractory metal to a total
amount of titanium and the refractory metal 1s in the range
of above 1 at % to not more than 20 at %.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal

1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.
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It 1s also preferable that the refractory metal 1s tungsten.

It 1s possible that each of the first and second (C49-
structured titanmium silicide films contains a plurality of
refractory metals having higher melting points than tita-
nium.

It 1s also preferable that each of the first and second
(C49-structured titanium silicide films shows no phase tran-
sitton when each of the first and second (C49-structured

titantum silicide films 1s subjected to a heat treatment of not
less than 800° C.

It 1s also possible that each of the first and second
(C49-structured fitanium silicide films further contains an
additional refractory metal having a lower melting point
than titanium 1n the form of a substitutional solid solution,
provided that the additional refractory metal has a lower
concentration than the refractory metal having a higher
melting point than titanium so that each of the first and
second C49-structured titanium silicide films shows no
phase transition when each of the first and second (C49-
structured titanium silicide films 1s subjected to a heat
treatment of not less than 800° C.

It 1s also preferable that each of the first and second
(C49-structured titanium silicide films has a sheet resistance
of not more than 50 uf2cm.

The sixth present invention provides a titanium salicide
structure comprising a first C49-structured titanium silicide
f1lm selt-aligned on a polysilicon gate electrode, and second
C49-structured titanium silicide films self-aligned on
source/drain diffusion regions, wherein each of the first and
second (C49-structured titanium silicide films contains at
least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution, and
wherein each of the first and second C49-structured titanium
silicide films has a sheet resistance of not more than 60
uf2cm, and shows no phase transition when each of the first
and second C49-structured titanium silicide films 1s sub-
jected to a heat treatment of not less than 800° C.

It 1s preferable that a concentration of the refractory metal
fo a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.

It 1s possible that each of the first and second (C49-
structured titanium silicide films contains a plurality of
refractory metals having higher melting points than tita-
nium.

It 1s also possible that each of the first and second
(C49-structured titanium silicide films further contains an
additional refractory metal having a lower melting point
than titanium 1n the form of a substitutional solid solution,
provided that the additional refractory metal has a lower
concentration than the refractory metal having a higher
melting point than titanium.

The seventh present invention provides a titanium salicide
structure comprising a first C49-structured titantum silicide
f1lm self-aligned on a polysilicon gate electrode, and second
C49-structured titanium silicide films self-aligned on
source/drain diffusion regions, wherein each of the first and
second C49-structured titanium silicide films contains at
least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution, and
wherein a concentration of the refractory metal to a total
amount of titanium and the refractory metal 1s not more than
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20 at % so that each of the first and second C49-structured
titanium silicide films shows no phase transition when each
of the first and second C49-structured titanium silicide films
is subjected to a heat treatment of not less than 800° C.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.

It 1s possible that each of the first and second (C49-
structured titanmium silicide films contains a plurality of
refractory metals having higher melting points than tita-
nium.

It 1s also possible that each of the first and second
(C49-structured titanium silicide films further contains an
additional refractory metal having a lower melting point
than titanium 1n the form of a substitutional solid solution,
provided that the additional refractory metal has a lower
concentration than the refractory metal having a higher
melting point than titanium so that each of the first and
second C49-structured titantum silicide films shows no
phase transition when each of the first and second (C49-
structured titanium silicide films 1s subjected to a heat
treatment of not less than 800° C.

It 1s also preferable that each of the first and second
(C49-structured titantum silicide films has a sheet resistance
of not more than 50 uf2cm.

The eighth present invention provides a titanium salicide
structure comprising a first C49-structured titantum silicide
f1lm self-aligned on a polysilicon gate electrode, and second
C49-structured titanium silicide films self-aligned on
source/drain diffusion regions, wherein each of the first and
second C49-structured titanium silicide films contains tung-
sten 1n the form of a substitutional solid solution, and
wherein a concentration of tungsten to a total amount of
fitanium and tungsten 1s 1n the range of above 1 at % to not
more than 10 at % so that each of the first and second
(C49-structured titanium silicide films has a sheet resistance
of not more than 50 €2, and that each of the first and second
(C49-structured titanium silicide films shows no phase tran-
sitton when each of the first and second C49-structured

titanium silicide films 1s subjected to a heat treatment of not
less than 800° C.

It 1s preferable that the concentration of tungsten to the
total amount of titanium and tungsten 1s 5 at %.

The ninth present invention provides a method of forming
a C49-structured titanium silicide film on silicon, On silicon,
there 1s formed a titanium {ilm which contains at least a
refractory metal having a higher melting point than titanium,
wherein a concentration of the refractory metal to a total
amount of titanium and the refractory metal 1s in the range
of above 1 at % to not more than 20 at %. The titanium film
1s then subjected to a heat treatment 1n an inert gas atmo-
sphere for causing a silicidation reaction, thereby to form a
(C49-structured titantum silicide film which contains the
above at least a refractory metal 1n the form of a substitu-
tional solid solution.

It 1s preferable that the titanium film which contains the
above at least a refractory metal 1s formed by the step of
depositing, on a monocrystal silicon by a sputtering method,
a titantum film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of titanium and the refractory metal 1s 1n the
range of above 1 at % to not more than 20 at %.
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It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s formed by the steps
of depositing a titanium {ilm on a monocrystal silicon by a
sputtering method, and introducing the above at least a
refractory metal into the titanium film by an 1on-
implantation so that a concentration of the refractory metal
to a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titantum film which contains
the above at least a refractory metal 1s formed by the step of
depositing, on a polycrystal silicon by a sputtering method,
a titantum film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of titanium and the refractory metal 1s in the
range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titantum film which contains
the above at least a refractory metal 1s formed by the steps
of depositing a titanium film on a polycrystal silicon by a
sputtering method, and introducing the above at least a
refractory metal into the titanium film by an 1on-
implantation so that a concentration of the refractory metal
to a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titantum film which contains
the above at least a refractory metal 1s subjected to a rapid
thermal anneal at a temperature of 690° C. for 30 seconds.

It 1s also preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, it 1s possible that the tungsten-containing
fitantum silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films 1n the form of substitutional solid
solution.

The tenth present invention provides a method of forming,
a (C49-structured ftitanium silicide film on silicon. On an
amorphous silicon heated at a temperature of approximately
450° C., there 1s formed a titanium film which contains at
least a refractory metal having a higher melting point than
fitantum, wherein a concentration of the refractory metal to
a total amount of titanium and the refractory metal 1s in the
range of above 1 at % to not more than 20 at %, for causing
a silicidation reaction and a crystallization of amorphous
silicon into silicon, thereby to form, on silicon, a (C49-
structured titantum silicide film which contains the above at
least a refractory metal m the form of a substitutional solid
solution.

It 1s preferable that the concentration of the refractory
metal to the total amount of titantum and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
fitantum silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films in the form of substitutional solid
solution.

The silicidation reaction at the lower substrate tempera-
ture of 450° C. forms a the C49-structured titanium silicide
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f1lm containing the refractory metal and having a lower sheet
resistance than when the refractory metal containing tita-
nium film 1s deposited on the silicon or polysilicon layer and
then annealed by rapid thermal anneal at a higher tempera-
ture of, for example, 690° C.

The eleventh present invention provides a method of
forming a C49-structured titanium silicide film on silicon.
On silicon, there 1s provided a titantum film which contains
at least a refractory metal having a higher melting point than
fitanium, wherein a concentration of the refractory metal to
a total amount of titanium and the refractory metal 1s in the
range of above 1 at % to not more than 20 at %. The titanium
f1lm 1s subjected to a heat treatment 1n an inert gas atmo-
sphere for causing a silicidation reaction, thereby to form a
(C49-structured titanium silicide film which contains the
above at least a refractory metal 1n the form of a substitu-
tional solid solution. An inter-layer insulator i1s formed on
the C49-structured titanium silicide film. The inter-layer
insulator and the C49-structured titanium silicide film are
subjected to an anneal at a temperature of not less than 800°
C. whereas the C49-structured titanium silicide film has a
sheet resistance of not more than 60 uf2cm, and shows no
phase transition.

It 1s preferable that the titanium film which contains the
above at least a refractory metal 1s formed by the step of
depositing, on a monocrystal silicon by a sputtering method,
a titantum film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of titanium and the refractory metal 1s 1n the
range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s formed by the step of
depositing a titanium film on a monocrystal silicon by a
sputtering method, and introducing the above at least a
refractory metal into the titanium film by an 1on-
implantation so that a concentration of the refractory metal
to a total amount of titanium and the refractory metal 1s 1n
the range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s formed by the step of
depositing, on a polycrystal silicon by a sputtering method,
a titantum film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of titanium and the refractory metal 1s 1n the

range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s formed by the steps
of depositing a titanium film on a polycrystal silicon by a
sputtering method, and introducing the above at least a
refractory metal into the titanium film by an 1on-
implantation so that a concentration of the refractory metal
to a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s subjected to a rapid
thermal anneal at a temperature of 690° C. for 30 seconds.

It 1s also preferable that a concentration of the refractory
metal to a total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
titanium silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films in the form of substitutional solid
solution.
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The twellth present invention provides a method of form-
ing a C49-structured titanium silicide film on silicon. On an
amorphous silicon heated at a temperature of approximately
450° C., there 1s formed a titanium film which contains at
least a refractory metal having a higher melting point than
fitantum, for causing a silicidation reaction and a crystalli-
zation of amorphous silicon into silicon, thereby to form, on
silicon, a C49-structured titanium silicide film which con-
tains the above at least a refractory metal 1n the form of a
substitutional solid solution. An inter-layer insulator is
deposited on the C49-structured titanium silicide film. The
inter-layer insulator and the C49-structured titanium silicide
film are subjected to an anneal at a temperature of not less
than 800° C. whereas the C49-structured titanium silicide
film has a sheet resistance of not more than 60 uf2cm, and
shows no phase transition.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
fitantum suicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films 1n the form of substitutional solid
solution.

The silicidation reaction at the lower substrate tempera-
ture of 450° C. forms a the C49-structured titanium silicide
f1lm containing the refractory metal and having a lower sheet
resistance than when the refractory metal containing tita-
nium film 1s deposited on the silicon or polysilicon layer and
then annealed by rapid thermal anneal at a higher tempera-
ture of, for example, 690° C.,

The thirteenth present mvention provides a method of
forming a C49-structured titanium silicide film on silicon.
On silicon, there 1s formed a titanium film which contains at
least a refractory metal having a higher melting point than
fitantum, wherein a concentration of the refractory metal to
a total amount of titanium and the refractory metal 1s not
more than 20 at %. The titanium film 1s subjected to a heat
freatment 1n an 1nert gas atmosphere for causing a silicida-
fion reaction, thereby to form a C49-structured titanium
silicide film which contains the above at least a refractory
metal 1n the form of a substitutional solid solution. An
inter-layer msulator 1s deposited on the C49-structured tita-
nium silicide film. The inter-layer insulator and the C49-
structured titanium silicide film are subjected to an anneal at
a temperature of not less than 800° C. whereas the C49-
structured titantum silicide film shows no phase transition.

It 1s preferable that the titantum film which contains the
above at least a refractory metal 1s formed by the step of
depositing, on a monocrystal silicon by a sputtering method,
a titantum film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of fitantum and the refractory metal i1s 1n the
range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titantum film which contains
the above at least a refractory metal 1s formed by the step of
depositing a titanium film on a monocrystal silicon by a
sputtering method, and introducing the above at least a
refractory metal into the titanium film by an 1on-
implantation so that a concentration of the refractory metal
to a total amount of titanium and the refractory metal 1s in
the range of above 1 at % to not more than 20 at %.
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It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s formed by the step of
depositing, on a polycrystal silicon by a sputtering method,
a titanium film which contains the above at least a refractory
metal, wherein a concentration of the refractory metal to a
total amount of titanium and the refractory metal 1s 1n the
range of above 1 at % to not more than 20 at %.

It 1s also preferable that the titanium film which contains
the above at least a refractory metal 1s subjected to a rapid
thermal anneal at a temperature of 690° C. for 30 seconds.

It 1s also preferable that-the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 1n the range of above 1 at % to not more than 10 at

%.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
tfitantum silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films in the form of substitutional solid
solution.

The fourteenth present invention provides a method of
forming a C49-structured titanium silicide film on silicon.
On an amorphous silicon heated at a temperature of approxi-
mately 450° C., there is formed a titanium film which
contains at least a refractory metal having a higher melting
point than titanium, wherein a concentration of the refrac-
tory metal to a total amount of titanium and the refractory
metal 1s not more than 20 at %, for causing a silicidation
reaction and a crystallization of amorphous silicon into
silicon, thereby to form, on silicon, a C49-structured tita-
nium silicide film which contains the above at least a
refractory metal in the form of a substitutional solid solution.
An mter-layer msulator 1s deposited on the C49-structured
fitanium silicide film. The inter-layer insulator and the
(C49-structured titanium silicide film are subjected to an
annecal at a temperature of not less than 800° C. whereas the
C49-structured titanium silicide film shows no phase tran-
sition.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal
1s 1n the range of above 1 at % to not more than 10 at %.

It 1s more preferable that the concentration of the refrac-
tory metal to the total amount of titanium and the refractory
metal 1s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
titanium silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films in the form of substitutional solid
solution.

The silicidation reaction at the lower substrate tempera-
ture of 450° C. forms a the C49-structured titanium silicide
f1lm containing the refractory metal and having a lower sheet
resistance than when the refractory metal containing tita-
nium film 1s deposited on the silicon or polysilicon layer and
then annealed by rapid thermal anneal at a higher tempera-
ture of, for example, 690° C.

The fifteenth present invention provides a method of
forming a titanium salicide structure over a silicon substrate.
Thick insulation films are selectively formed over a silicon
substrate so that the thick mnsulation films surround an active
region of the silicon substrate. A gate insulation film 1is
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formed on the active region of the silicon substrate. A
polysilicon gate electrode 1s formed on the gate insulation
film. Source drain diffusion regions are self-aligned in the
silicon substrate. Side wall insulation films are formed at
eppesﬂe sides of the polysilicon gate electrode. A titanium
film 1s deposited which extends over the thick insulation
film, the side wall insulation films, the pelysﬂleen gate
electrode and the source/drain dlffusmn regions. The tita-
nium film contains at least a refractory metal having a higher
melting point than titanium, wherein a concentration of the
refractory metal to a total amount of fitanium and the
refractory metal 1s 1n the range of above 1 at % to not more
than 10 at %. The titantum film 1s subjected to a heat
treatment at a temperature of 690° C. in an inert gas
atmosphere for causing a silicidation reaction, thereby to
form a first C49-structured titanium silicide film self-aligned
on the polysilicon gate electrode and second C49-structured
fitanium silicide films self-aligned on the source/drain dif-
fusion regions whilst the titanium film extending over the
thick insulation films and the side wall insulation films
shows no silicidation reaction as well as a part of the
fitantum film extending over the polysilicon gate electrode
and the source/drain diffusion regions shows no silicidation
reaction. The titantum film having shown no silicidation
reaction 1s removed by a wet etching. An inter-layer 1nsu-
lator 1s deposited which extends over the first and second
C49-structured titanium silicide films, the thick msulation
films and the side wall msulation films. The inter-layer
insulator and the first and second C49-structured titanium
silicide films are subjected to an anneal at a temperature of
nor less than 800° C. whereas each of the first and second
(C49-structured titantum silicide films has a sheet resistance
of not more than 60 uf2cm, and shows no phase transition.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal

s 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, it 1s possible that the tungsten-containing
fitantum silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films 1n the form of substitutional solid
solution.

It 1s also preferable that each of the first and second
(C49-structured titantum silicide films has a sheet resistance
of not more than 50 uf2cm.

The sixteenth present invention provides a method of
forming a titanium salicide structure over a silicon substrate.
Thick insulation films are selectively formed over a silicon
substrate so that the thick msulation films surround an active
region of the silicon substrate. A gate insulation film 1is
formed on the active region of the silicon substrate. A
polysilicon gate electrode 1s formed on the gate insulation
film. Source drain diffusion regions are self-aligned in the
silicon substrate. Side wall 1nsulation films are formed at
opposite sides of the polysilicon gate electrode. Amorphous
silicon layers are formed 1n upper reglens of the pelysﬂleen
gate clectrode and the source/drain diffusion regions by an
lon-implantation of an impurity having the same conductiv-
ity type of the source/drain diffusion regions and the poly-
silicon gate electrode into the upper regions. A titanium film
1s deposited which extends over the thick msulation film, the
side wall 1nsulation films and the amorphous silicon layers
at a substrate temperature of approximately 450° C. for
causing a silicidation reaction, wherein the titantum film
which contains at least a refractory metal having a higher
melting point than titanium, and wherein a concentration of
the refractory metal to a total amount of titantum and the
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refractory metal 1s in the range of above 1 at % to not more
than 10 at %, thereby to form a first C49-structured titanium
silicide film self-aligned on the polysilicon gate electrode
and second C49-structured ftitanium silicide films self-
aligned on the source/drain diffusion regions whilst the
titanium fi1lm extending over the thick insulation films and
the side wall 1nsulation films shows no silicidation reaction
as well as a part of the titamium film extending over the
polysilicon gate electrode and the source/drain diffusion
regions shows no silicidation reaction. The titantum film
having shown no silicidation reaction i1s removed by a
wet-etching. An inter-layer insulator 1s deposited which
extends over the first and second C49-structured titanium
silicide films, the thick insulation films and the side wall
insulation films. The inter-layer insulator and the first and
second C49-structured titanium silicide films are subjected
to an anneal at a temperature of nor less than 800° C.
whereas each of the first and second C49-structured titanium
silicide films has a sheet resistance of not more than 60
uf2cm, and shows no phase transition.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal

1S 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
tfitanium silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films 1n the form of substitutional solid
solution.

It 1s also preferable that each of the first and second
(C49-structured titantum silicide films has a sheet resistance
of not more than 50 u£2cm. The silicidation reaction at the
lower substrate temperature of 450° C. forms a the C49-
structured titanium silicide film containing the refractory
metal and having a lower sheet resistance than when the
refractory metal containing titanium film 1s deposited on the
silicon or polysilicon layer and then annealed by rapid

thermal anneal at a higher temperature of, for example, 690°
C.

The seventeenth present invention provides a method of
forming a titanium salicide structure over a silicon substrate.
Thick msulation films are selectively formed over a silicon
substrate so that the thick mnsulation films surround an active
region of the silicon substrate. A gate 1nsulation film 1s
formed on the active region of the silicon substrate. A
polysilicon gate electrode 1s formed on the gate insulation
f1lm. Source drain diffusion regions are self-aligned in the
silicon substrate. Side wall insulation films are formed at
eppesﬂe sides of the polysilicon gate electrode. A titanium
film 1s deposited which extends over the thick insulation
film, the side wall insulation {films, the pelysﬂleen gate
clectrode and the source/drain diffusion regions. An 10n-
implantation 1s carried out of at least a refractory metal
having a higher melting point than titanium into the titanium
film so that the titanium film contains the above at least a
refractory metal, wherein a concentration of the refractory
metal to a total amount of titanium and the refractory metal
1s 1in the range of above 1 at % to not more than 10 at %. The
fitanium film 1s subjected to a heat treatment at a temperature
of 690° C. in an inert gas atmosphere for causing a silici-
dation reaction, thereby to form a first C49-structured tita-
nium silicide film self-aligned on the polysilicon gate elec-
trode and second C49-structured titanium silicide films
self-aligned on the source/drain diffusion regions whilst the
fitanium film extending over the thick insulation films and
the side wall insulation films shows no silicidation reaction
as well as a part of the titanium film extending over the
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polysilicon gate electrode and the source/drain diffusion
regions shows no silicidation reaction. The titanium film
having shown no silicidation reaction 1s removed by a
wet-etching. An inter-layer insulator i1s deposited which
extends over the first and second C49-structured titanium
silicide films, the thick insulation films and the side wall
insulation films. The inter-layer insulator and the first and
second C49-structured titanium silicide films are subjected
to an anneal at a temperature of nor less than 800° C.
whereas each of the first and second C49-structured titanium
silicide films has a sheet resistance of not more than 60
uf2cm, and shows no phase transition.

It 1s preferable that the concentration of the refractory
metal to the total amount of titanium and the refractory metal

1S 5 at %.

It 1s also preferable that the refractory metal 1s tungsten.
In this, case, 1t 1s possible that the tungsten-containing
fitantum silicide film 1s deposited by sputtering a target of
tungsten titanium alloy for uniform distribution of tungsten
into titanium silicide films in the form of substitutional solid
solution.

It 1s also preferable that each of the first and second
C49-structured titanium silicide films has a sheet resistance

of not more than 50 uf2cm.

It was known that, since C49-structured titanium silicide
has a higher resistivity than C54-structured titanium silicide,
in order to reduce a resistivity, 1t 1s effective to carry out a
rapid thermal anneal at a high temperature of not less than
800° C. to cause a phase transition of C49-structure into
C54-structure. The C54-structured titanium silicide has a
larger grain size than the C49-structured titanium silicide.
On the other hand, the C54-structured titanium silicide has
a larger crystal grain size than the C49-structured titanium
silicide the C54-structure, whilst the C54-structured tita-
nium silicide titanium silicide has a lower heat resistance
than the C49-structured titanium silicide. If the crystal grain
s1ze 1S mcreased, then the heat resistance 1s decreased. The
C54-structured titanium silicide 1s more than 10 times larger
in crystal grain size than the (C49-structured titanium sili-
cide. This means that the C54-structured titanium silicide 1s
much inferior 1n heat resistance than the (C49-structured
fitantum silicide.

By the way, the titantum silicide structure or the titanium
salicide structure may be applied to a semiconductor device
such as MOS field effect transistor. In this case, after the
fitantum salicide structure has been formed over a silicon
substrate, an inter-layer insulator i1s deposited over the
fitantum salicide structure and then the substrate or inter-lay
insulator 1s subjected to an anneal at a high temperature of,
for example, not less than 800° C. If, in order to obtain a
reduced resistivity, the C54-structured titantum silicide were
once formed over silicon or polysilicon regions over the
silicon substrate, then the C54-structured titanium silicide 1s
subjected to the anneal at a high temperature of not less than
800° C. Since, however, C54-structured titanium silicide
film 1s 1nferior 1in heat resistance, the C54-structured tita-
nium silicide film 1s likely to be deformed 1nto 1slands or to
be made largely vary 1n thickness. As a result, the deformed
C54-structured titanium silicide film largely varies in sheet
resistance. Particularly when the C54-structured titanium
silictde film 1s used as a fine-structured interconnection
having a reduced width, then the problems with deformation
of the C54-structured titanium silicide film into the island
like shape and with the variation in sheet resistance of the
deformed C54-structured titanium silicide film would be
MOre SErious.
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On the other hand, the C49-structured titanium silicide
f1lm has a sufficiently high heat resistance, notwithstanding,
the C49-structured titanium silicide film 1s highly resistive.

By contrast, in accordance with the above first to seven-
teenth present inventions, a C49-structured titantum silicide
f1lm 1s provided which, however, contains at least a refrac-
tory metal having a higher melting point than titanium in the
form of a substitutional solid solution, wherein a concen-
tration of the refractory metal to a total amount of titanium

and the refractory metal 1s 1n the range of above 1 at % to
not more than 20 at %. Preferably, the concentration of the
refractory metal to the total amount of titanium and the
refractory metal 1s in the range of above 1 at % to not more
than 10 at %. More preferably, the concentration of the
refractory metal to the total amount of titanium and the
refractory metal 1s 5 at %. Also preferably, the refractory
metal 1s tungsten. Notwithstanding, molybdenum 1s also
available. Further, niobium, zirconium, tantalum, hatnium,
rhenium, osmium, iridium, rhodium and vanadium and other
refractory metals having a higher melting point than tita-
nium are also available. The refractory metal contained in
the C49-structured titanium silicide film 1n the form of the
substitutional solid solution at the above concentration
above 1 at % 1s capable of maintaining the C49-structure
when the C49-structured titanium silicide film and an inter-
layer insulator extending over the C49-structured titanium
silicide film are annealed at a high temperature of not less
than 800° C. This means that the C49-structured titanium
silicide film containing the refractory metal in the above
concentration 1s highly heat-resistive and available as a fine
interconnection or electrode having a reduced width. This
allows the semiconductor device to be scaled down remark-
ably and to possess high speed and high frequency perfor-
mances as a result of the silicidation or salicidation tech-
nique.

If, contrary to the above present 1nventions, (C49-
structured titanium silicide film free of refractory metals
were annealed at a high temperature of not less than 800° C.,
then a phase transition 1s caused so that C49-structure 1s
changed to C54-structure. Since as described above the
C54-structure 1s low 1n heat resistance, then the (C54-
structured titanium silicide film nay be deformed into 1sland
like shapes so that the deformed C54-structured titanium
silicide film largely varies in thickness.

FIG. 3 1s a diagram 1illustrative of variations in sheet
resistance of a titanium silicide film and a 5 at %-tungsten
contamning titanium silicide film versus temperatures of a
rapid thermal anneal used for causing silicidation reaction of
fitanium and 5 at %-tungsten containing titanium, wherein
both a titanium film free of tungsten and a titanium film
containing tungsten at a 5 at % concentration of tungsten to
a total amount of fitanium and tungsten are subjected to a
rapid thermal anneal at various temperatures for 30 seconds.
Sheet resistances of the tungsten free titanium silicide film
are represented by “@” and sheet resistances of the 5 at
%-tungsten containing titanium silicide film are represented
by “O”.

The sheet resistances “@” of the tungsten free titanium
silicide film are dropped from 16 €2/ at 650° C. to 13 Q/
at 700° C., and rapidly dropped from 13 €2/ at 700° C. to
4 /01 at 750° C. but substantially remain unchanged at 4
(2/00 in the range of 750° C. through 850° C. Namely, the
sheet resistance of the tungsten free titanium silicide film 1s
largely dropped to 4 €/ at 750° C. This means that the
tungsten free titanium silicide films formed by silicidation
reactions at low rapid thermal anneal temperatures of less
than 750° C. have C49-structure, whilst tungsten free tita-
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nium silicide films formed by silicidation reactions at high
rapid thermal anneal temperatures of not less than 750° C.,
have C54-structure. This further means that the tungsten free
fitantum silicide film shows the phase transition from (C49-
structure to C54-structure when subjected to the rapid ther-

mal anneal at about 750° C.

By contrast, the sheet resistances “O” of the 5 at
%-tungsten containing titanium silicide film are rapidly
dropped from 35 €/ at 620° C. to 9 £/ at 700° C., but
oradually and slightly dropped from 9 €2/ through 7 £2/
in the range of 700° C. through 1000° C. Namely, the sheet
resistance of the 5 at %-tungsten containing titanium silicide
film 1s never dropped largely to near 5 €2/ even if the
temperature of the rapid thermal anneal is increased to 1000°
C. This means that the 5 at %-tungsten containing titanium
silicide films formed by silicidation reactions in the range of
700° C. through 1000° C. have C49-structure not never have
C54-structure. This was also confirmed by a transmission
clectron microscope and X-ray diffraction method that the 5
at %-tungsten containing titanium silicide films formed by
silicidation reactions in the range of 700° C. through 1000°
C. have (C49-structure wherein tungsten 1s contamed 1n
crystal grains or tungsten 1s present 1n the form of substi-
tutional solid solution, namely 5 at % of titanium atoms in
the C49-structured titanium silicide are substituted or
replaced by tungsten atoms, and the 5 at %-tungsten con-
taining titanium silicide films formed by silicidation reac-
tions in the range of 700° C. through 1000° C. has no
(C54-structure. This further means that the C49-structured 5
at %-tungsten containing titantum silicide film shows no
phase transition from C49-structure to C54-structure even
when subjected to the higher rapid thermal anneal at 1000°
C. This suggests that the 5 at %-tungsten containing titanium
silicide films post-annealed in the range of 700° C. through
1000° C. show no phase transition from C49-structure to
(C54-structure nor variations 1n thickness and compositions.
Namely, the 5 at %-tungsten containing titanium silicide film
1s highly heat-resistive.

FIG. 4 1s a diagram 1llustrative of variations 1n resistivity
of tungsten containing titantum silicide film versus concen-
frations 1n atomic percent of tungsten to a total amount of
fitantum and tungsten, wherein tungsten is present in the
form of substitutional solid solution, namely titanium atoms
in the C49-structured titanium silicide are substituted or
replaced by tungsten atoms at various atomic percents. The
tungsten containing titanium silicide film 1s formed by
silicidation reaction caused by a rapid thermal anneal at a
temperature of not less than 800° C.

As can be understood from FIG. 4, the resistivity of the
tungsten containing titanium silicide film largely depends
upon and 1s highly sensitive to the concentration in atomic
percent of tungsten to a total amount of titanium and
tungsten. The resistivity of the tungsten containing titanium
silicide film 1s below 20 uf2cm at O at % tungsten concen-
fration and remains about 20 uf2cm at 1 at % tungsten
concentration. The resistivity of the tungsten containing
fitanium silicide film 1s rapidly increased from about 20
uf2cm to 40 uf2cm 1n the range of 1-2 at % tungsten
concentrations. The resistivity of the tungsten containing
fitantum silicide film 1s slightly increased but almost remains
unchanged at about 40 uf2cm 1n the range of 2-5 at %
tungsten concentrations. The resistivity of the tungsten con-
taining titanium silicide film 1s gradually increased from
about 40 uf2cm to about 60 uf2cm 1n the range of 510 at %
tungsten concentrations. The resistivity of the tungsten con-
taining titanium silicide film 1s largely increased from about
60 uf2cm to above 150 uf2cm 1n the range of 1020 at %
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tungsten concentrations. When the tungsten concentration 1s
not more than 8 at %, then the resistivity of the tungsten
containing titantum silicide film 1s not more than 50 uf2cm.
As described above, at a tungsten concentration of not more
than 1 at %, the resistivity of the tungsten containing
titanium silicide film 1s extremely low, for example, below
20 uf2cm. This means that the tungsten containing titanium
silicide film has C54-structure. Namely, the phase transition
from C49-structure to C54-structure 1s caused by the high
temperature anneal of not less than 800° C. when the
tungsten concentration 1s not more than 1 at %. By contrast,
at 2 at % tungsten concentration, the resistivity of the
tungsten containing titanium silicide film 1s about 40 u£2cm.
This means that the tungsten containing titanium silicide
film has C49-structure. Namely, no phase transition from
C49-structure to C54-structure 1s caused by the high tem-
perature anneal of not less than 800° C. when the tungsten
concentration 1s above 1 at %. In order to maintain C49-
structure even at a rapid thermal anneal temperature of not
less than 800° C., it 1s required that the tungsten concentra-
fion 1s above 1 at %. In the light of maintaining the
C49-structure even at a higher rapid thermal anneal
temperature, 1t 1s desirable to increase the concentration in
atomic percent of tungsten to the total amount of titanium
and tungsten as high as possible. On the other hand, in the
light of reducing the resistivity of the tungsten containing
titanitum silicide film, however, 1t 1s desirable to decrease the
concentration 1n atomic percent of tungsten to the total
amount of titantum and tungsten as low as possible. In order
to obtain not more than 160 uf2cm 1n resistivity of the
tungsten containing titanium silicide film, 1t 1s required that
the concentration in atomic percent of tungsten to the total
amount of titanium and tungsten 1s not more than 20 at %.
In order to obtain not more than 60 #£2cm 1n resistivity of the
tungsten containing titanium silicide film, 1t 1s required that
the concentration in atomic percent of tungsten to the total
amount of titanium and tungsten 1s not more than 10 at %.
In order to obtain not more than 50 #£2cm 1n resistivity of the
tungsten containing titanium silicide film, 1t 1s required that
the concentration 1n atomic percent of tungsten to the total
amount of titanium and tungsten 1s not more than 8 at %. In
the light of maintaining the C49-structure even at a higher
rapid thermal anneal temperature, however, 1t 1s desirable to
increase the concentration 1n atomic percent of tungsten to
the total amount of titanium and tungsten as high as possible.
Accordingly, 1n the lights of both maintaining the (C49-
structure even at a higher rapid thermal anneal temperature
and reducing the resistivity of the tungsten containing tita-
nium suicide film, the concentration in atomic percent of
tungsten to the total amount of titanium and tungsten 1is
optimum at about 5 at %. It was known that tungsten is
capable of suppressing the titanium silicidation reaction.
This is disclosed in Journal of Applied Physics 53(10),
October 1982. If, therefore, the concentration 1n atomic
percent of tungsten to the total amount of titanium and
tungsten 1s not less than 60 at %, then 1t 1s no longer possible
to form the required tungsten containing titanium silicide
f1lm having a uniform thickness. Namely, at not less than 60
at % of the tungsten concentration, the tungsten containing
fitanium silicide film 1s deformed and largely varies in
thickness and 1n sheet resistance. Such tungsten containing
titanium silicide film 1s unavailable. Further, if the concen-
fration 1n atomic percent of tungsten to the total amount of
fitanium and tungsten 1s not less than 80 at %, then it 1s no
longer possible to form the required tungsten containing
titanlum silicide film having a uniform composition.
Namely, at not less than 80 at % of the tungsten
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concentration, the tungsten containing titanium silicide film
1s not only deformed and largely varies 1n thickness and 1n
sheet resistance but also varies 1n composition over position.
In this case, tungsten silicide regions and titanium silicide
regions are separately formed. Locally, either tungsten sili-
cide or titantum silicide 1s formed. Namely, the tungsten
containing titanium silicide film 1s not the substitutional
solid solution. Such tungsten containing titantum silicide
f1lm 1s, of course, unavailable. In order to obtain the required
fungsten containing ftitanium silicide film being uniform
both 1n thickness and composition, it 1s required that the
concentration 1 atomic percent of tungsten to the total
amount of titanium and tungsten 1s not more than 20 at %.

In the lights of obtaining both the reduction 1n resistivity
of the tungsten containing titanium silicide film in the form
of substitutional solid solution and highly heat-resistivity to
the necessary high temperature anneal for annealing the
inter-layer 1nsulator extending over the tungsten containing
fitanium silicide film, the concentration of tungsten to the
total amount of tungsten and titanium 1in the tungsten con-
taining titanium silicide 1s available 1n the range of above 1
at % to 20 at %, and preferably 1n the range of above 1 at
% to 10 at %, and more preferably 1n the range of above 1
at % to 8 at %, and further optimally at about 5 at %.

The foregoing descriptions with reference to FIGS. 3 and
4 are commonly applicable to when, in place of tungsten,
another refractory metal having a higher melting point than
fitantum 1s contained in the C49-structured titanium silicide
film 1n the form of substitutional solid solution, provided
that since other refractory metals differ in melting point and
in resistivity from tungsten, the difference in melting point
of other refractory metal from tungsten may provide a slight
influence to the available range 1n concentration of refrac-
tory metal to a total amount of refractory metal and titanium.
As long as the refractory metal 1s not largely different in
melting point and in resistivity from tungsten, substantially
no change 1s caused 1n the above-described available range
in concentration of refractory metal to a total amount of
refractory metal and fitanium. Titanium has a lower resis-
fivity 1 the refractory metals, for which reason it 1s,
however, preferable that the concentration of the refractory
metal 1s as low as possible 1n order to keep a lower resistivity
of the refractory metal containing titanium silicide, in the
light of which refractory metals having higher melting
points such as tungsten are preferable.

As can be understood from the above descriptions, 1t 1s
also possible that the C49-structured titanium silicide film
contains a plurality of refractory metals having higher
melting points than titanium 1n the form of a substitutional
solid solution.

It 1s further possible that the C49-structured titanium
silicide film further contains an additional refractory metal
having a lower melting point than titanium 1n the form of a
substitutional solid solution, provided that the additional
refractory metal has a lower concentration than the refrac-
tory metal having a higher melting point than titanium so
that the C49-structured titantum silicide film remains highly
heat-resistive and shows no deformation when the (C49-
structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

FIG. 5 1s a diagram 1illustrative of sheet resistances of the
C49-structured 5 at %-tungsten containing titantum silicide
f1lms and the tungsten free C54-structured titanium silicide
films non-annealed and furnace-annealed for 1 hour at
temperatures of 750° C. and 800° C. to an inter-layer
insulator extending over them, after the both silicide films
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have been formed on n-type gate electrodes having a width
of 0.2 um. The sheet resistances of the C49-structured 5 at
%-tungsten containing titanium silicide films are repre-
sented by “(” whilst the sheet resistances of the tungsten
free C54-structured titantum silicide films are represented by

“@”.

The sheet resistance of the tungsten free C54-structured
titantum silicide film non-annealed 1s about 6 €2/, whilst
the sheet resistances of the C49-structured 5 at %-tungsten
contaming titanium silicide film 1s about 10 €2/0. When
non-annecaled, the tungsten free C54-structured titanium
silictde film 1s lower 1n sheet resistance than the (C49-
structured 5 at %-tungsten containing titanium silicide film.

The sheet resistance of the tungsten free C54-structured
titanium silicide film furnace-annealed at a temperature of
750° C. for 1 hour 1s about 800 €2/, whilst the sheet
resistances of the C49-structured 5 at %-tungsten containing
titanium silicide film furnace-annealed at a temperature of
750° C. for 1 hour remains just above 10 €/0. When
furnace-annealed at 750° C. for 1 hour, the tungsten free
(C54-structured titanium silicide film 1s much higher 1n sheet
resistance than the C49-structured 5 at %-tungsten contain-
ing titanium silicide film. Of the tungsten free C54-
structured titanium silicide film, the sheet resistance 1s
rapidly increased by furnace-anneal at 750° C. for 1 hour.
This means that the tungsten free C54-structured titanium
silicide film having a width of 0.2 yum 1s deformed 1nto 1sland
like shapes by the furnace-anneal at 750° C. for 1 hour as the
tungsten free C54-structured titanium silicide film 1s lowly
heat-resistive. The tungsten free (C54-structured titanium
silicide film after annealed largely varies in thickness and
sheet resistance. By contrast, of the C49-structured 5 at
%-tungsten containing titanium silicide film, the sheet resis-
tance 1s slightly increased or almost unchanged by furnace-
anneal at 750° C. for 1 hour. This means that the C49-
structured 5 at %-tungsten containing titanium silicide film
having a width of 0.2 um 1s not deformed by the furnace-
anneal at 750° C. for 1 hour as the C49-structured 5 at
%-tungsten containing titanium silicide film 1s highly heat-
resistive. The C49-structured 5 at %-tungsten containing
fitanium silicide film still remains uniform 1n thickness and
in sheet resistance.

The sheet resistance of the tungsten free C54-structured
titanium silicide film furnace-annealed at a temperature of
800° C. for 1 hour 1s about 2000 €2/, whilst the sheet
resistances of the C49-structured 5 at %-tungsten containing
fitanium silicide film furnace-annealed at a temperature of
750° C. for 1 hour still remains slightly above 10 €/
When furnace-annealed at 800° C. for 1 hour, the tungsten
free C54-structured titantum silicide film 1s extremely higher
in sheet resistance than the C49-structured 5 at %-tungsten
containing titanium silicide film. Of the tungsten free C54-
structured titanium silicide film, the sheet resistance i1s
rapidly increased by furnace-anneal at 800° C. for 1 hour.
This means that the tungsten free C54-structured titanium
silicide film having a width of 0.2 um 1s remarkably
deformed into 1sland like shapes by the furnace-anneal at
800° C. for 1 hour as the tungsten free C54-structured
fitanium silicide film 1s lowly heat-resistive. The tungsten
free C54-structured fitanium silicide film after annealed
largely varies 1n thickness and sheet resistance. By contrast,
of the C49-structured 5 at %-tungsten containing titanium
silicide film, the sheet resistance 1s slightly increased or
almost unchanged by furnace-anneal at 800° C. for 1 hour.
This means that the C49-structured 5 at %-tungsten con-
taining titanium silicide film having a width of 0.2 um 1s not

deformed by the furnace-anneal at 750° C. for 1 hour as the
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(C49-structured 5 at %-tungsten containing titanium silicide
film 1s highly heat-resistive. The C49-structured 5 at
%-tungsten containing titanium silicide film still remains
uniform 1n thickness and 1n sheet resistance.

FIG. 6 1s a diagram 1llustrative of sheet resistances of the
C49-structured 5 at %-tungsten containing titanium silicide
films and the tungsten free C54-structured titanium silicide
films non-annealed and furnace-annealed for 1 hour at
temperatures of 750° C. and 800° C. to an inter-layer

insulator extending over them, after the both silicide films
have been formed on n-type source/drain diffusion layers
having a width of 0.5 um. The sheet resistances of the
(C49-structured 5 at %-tungsten containing titanium silicide
films are represented by “O” whilst the sheet resistances of
the tungsten free C54-structured titanium silicide films are
represented by “@”.

The sheet resistance of the tungsten free C54-structured
titanium silicide film non-annealed 1s below 6 €2/, whilst
the sheet resistances of the C49-structured 5 at %-tungsten
containing titanium silicide film 1s above 10 £2/1. When
non-annealed, the tungsten free C54-structured titanium
silicide film 1s lower 1n sheet resistance than the (C49-
structured 5 at %-tungsten containing titanium silicide film.

The sheet resistance of the tungsten free C54-structured
fitantum silicide film furnace-annealed at a temperature of
800° C. for 1 hour 1s about 7 €/, whilst the sheet
resistances of the C49-structured 5 at %-tungsten containing
fitantum silicide film furnace-annealed at a temperature of
800° C. for 1 hour remains above 10 €2/70. When furnace-
annecaled at 800° C. for 1 hour, the tungsten free C54-
structured titanium silicide film 1s still lower 1n sheet resis-
tance than the C49-structured 5 at %-tungsten containing
fitanium silicide film. Of the tungsten free C54-structured
titantum silicide film, the sheet resistance 1s, however,
increased by furnace-anneal at 800° C. for 1 hour. This
means that the tungsten free C54-structured titanium silicide
f1lm having a width of 0.5 um 1s deformed by the furnace-
anneal at 800° C. for 1 hour as the tungsten free C54-
structured titanium silicide film 1s lowly heat-resistive. The
tungsten free C54-structured titanium silicide film after
annecaled varies 1n thickness and sheet resistance. By
contrast, of the C49-structured 5 at %-tungsten containing
titanium silicide film, the sheet resistance remains almost
unchanged by furnace-anneal at 800° C. for 1 hour. This
means that the C49-structured 5 at %-tungsten containing
fitantum silicide film having a width of 0.5 um 1s not
deformed by the furnace-anneal at 800° C. for 1 hour as the
(C49-structured 5 at %-tungsten containing titanium silicide
film 1s highly heat-resistive. The C49-structured 5 at
%-tungsten containing titanium silicide film still remains
uniform 1n thickness and 1n sheet resistance.

The sheet resistance of the tungsten free C54-structured
fitantum silicide film furnace-annealed at a temperature of
800° C. for 1 hour 1s about 20 €/, whilst the sheet
resistances of the C49-structured 5 at % tungsten containing
fitanium silicide film furnace-annealed at a temperature of
800° C. for 1 hour still remains above 10 /0. When
furnace-annealed at 800° C. for 1 hour, the tungsten free
C54-structured ftitanium silicide film 1s higher 1n sheet
resistance than the C49-structured 5 at %-tungsten contain-
ing titanium silicide film. Of the tungsten free C54-
structured titanium silicide film, the sheet resistance 1s
apparently increased by furnace-anneal at 800° C., for 1
hour. This means that the tungsten free C54-structured
fitantum silicide film having a width of 0.5 um 1s deformed
by the furnace-anneal at 800° C., for 1 hour as the tungsten
free C54-structured titanium silicide film 1s lowly heat-
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resistive. The tungsten free C54-structured titanium silicide
film after annealed varies 1n thickness and sheet resistance.
By contrast, of the C49-structured 5 at %-tungsten contain-
ing titanium silicide film, the sheet resistance still remains
unchanged by furnace-anneal at 800° C. for 1 hour. This
means that the C49-structured 5 at %-tungsten containing
fitanium silicide film having a width of 0.5 um 1s not
deformed by the furnace-anneal at 750° C. for 1 hour as the
(C49-structured 5 at %-tungsten containing titantum silicide
film 1s highly heat-resistive. The C49-structured 5 at
%-tungsten containing titanium silicide film still remains
uniform 1n thickness and 1n sheet resistance.

The foregoing descriptions with reference to FIGS. 5 and
6 arc commonly applicable to when, 1n place of tungsten,
another refractory metal having a higher melting point than
fitanium 1s contained 1n the C49-structured titanium silicide
film 1n the form of substitutional solid solution, provided
that since other refractory metals differ in melting point and
1n resistivity from tungsten, the difference 1n melting point
and 1n resistivity of other refractory metal from tungsten
may provide a slight influence to the available range 1n
concentration of refractory metal to a total amount of
refractory metal and titanium. As long as the refractory
metal 1s not largely different in melting point and 1n resis-
fivity from tungsten, substantially no change 1s caused in the
above-described available range in concentration of refrac-
tory metal to a total amount of refractory metal and titanium.
Titanium has a lower resistivity 1n the refractory metals, for
which reason 1t 1s, however, preferable that the concentration
of the refractory metal 1s as low as possible 1n order to keep
a lower resistivity of the refractory metal containing fita-
nium silicide, 1 the light of which refractory metals having
higher melting points such as tungsten are preferable.

As can be understood from the above descriptions, it 1s
also possible that the C49-structured titanium silicide film
contains a plurality of refractory metals having higher
melting points than titanium 1n the form of a substitutional
solid solution.

It 1s further possible that the C49-structured titanium
silicide film further contains an additional refractory metal
having a lower melting point than titanium in the form of a
substitutional solid solution, provided that the additional
refractory metal has a lower concentration than the refrac-
tory metal having a higher melting point than titanium so
that the C49-structured titanium silicide film remains highly
heat-resistive and shows no deformation when the (C49-
structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

In accordance with the foregoing present inventions
described above, no rapid thermal annealing process 1is
carried out at a high temperature of above 750° C. for
causing a phase transition of C49-structure to C54-structure.
This results 1n reductions 1n the number of manufacturing
process and 1n manufacturing cost.

Further, 1n accordance with the tenth, twelfth, fourteenth,
and sixteenth present inventions, an amorphous silicon
region 1s first formed 1n an upper region of silicon or
polysilicon layer by 1on-implantation of an 1impurity having
the same conductivity type of the silicon or polysilicon layer
before a titanium {ilm containing a refractory metal having
a higher melting point than fitanium such as tungsten 1s
deposited on the amorphous silicon region over the silicon
or polysilicon layer when heated at a substrate temperature
of, for example, 450° C., so that not only the amorphous
silicon 1s made 1nto monocrystal or polycrystal silicon but
also a silicidation reaction 1s caused at such low temperature
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thereby to form the C49-structured titanium silicide film
containing the refractory metal having a higher melting
point than titanium such as tungsten in the form of substi-
tutional solid solution over the monocrystal or polycrystal
silicon. The silicidation reaction at the lower substrate
temperature of 450° C. forms a the C49-structured titanium
silicide film containing the refractory metal and having a
lower sheet resistance than when the refractory metal con-
taining titanium film 1s deposited on the silicon or polysili-
con layer and then annealed by rapid thermal annecal at a
higher temperature of, for example, 690° C.

The foregoing first to seventeenth present inventions may
of course be applicable to any semiconductor devices which
need titantum silicide structures or titanium salicide struc-
tures.

PREFERRED EMBODIMENTS

First Embodiment

A first embodiment according to the present invention will
be described with reference to FIGS. 7A through 7E which
are fragmentary cross sectional elevation views illustrative
of fabrication processes for fabricating CMOS transistors
having a tungsten containing titanium salicide structure over
a silicon substrate.

With reference to FIG. 7A, an n-well region 102 1s
selectively formed 1n a p-type silicon substrate 101 by an
lon-implantation of n-type impurity. Field oxide films 103
are selectively formed on a surface of the silicon substrate
101 by a local oxidation of silicon method. The filed oxide
films 103 have a thickness of 300 nanometers. The filed
oxide films 103 surround active regions on the n-well region
102 and the surface region of the p-type silicon substrate
101. Gate oxide films 104 are formed on the active regions
on the n-well region 102 and the surface region of the p-type
silicon substrate 101. The gate oxide films 104 have a
thickness of 6 nanometers. A polysilicon film having a
thickness of 150 nanometers 1s entirely formed, which
extends over the field oxide films 103 and the gate oxade
films 104. The polysilicon film 1s patterned by a photo-
lithography method and a subsequent dry etching method to
form gate electrodes 105 on the gate oxide films 104 formed
on the active regions on the n-well region 102 and on the
surface region of the p-type silicon substrate 101. By use of
photo-lithography, an 1on-implantation mask 1s formed over
the n-well region 102 before lightly n-doped diffusion layers
114 are formed 1n the surface region of the silicon substrate
101 by 1on-implantation of n-type 1mpurity in self-
alignment. The 1on-1mplantation mask 1s removed and there-
after by use of the photo-lithography, another 1on-
implantation mask 1s formed over the surface reglon of the
silicon substrate 101 before hghtly p-doped diffusion layers
115 are formed 1n the surface region of the n-well region 102
by 1on-implantation of p-type impurity in self-alignment.
The other i1on-implantation mask 1s removed. As a
modification, 1t 1s, of course, available that the lightly
p-doped diffusion layers 115 have been formed before the
lightly n-doped diffusion layers 114 are formed. A silicon
oxide film having a thickness of 70 nanometers 1s entirely
formed which extends over the filed oxide films 103, the
lightly n-doped diffusion layers 114, the lightly p- doped
diffusion layers 115 and the gate electrodes 105. The silicon
oxide film 1s then selectively removed by an etch back
method to form side wall oxide films 106 at opposite sides
of each of the gate electrodes 1035.

With reference to FIG. 7B, still another 1on-implantation
mask 1s formed over the surface region of the n-well region
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102 and the gate electrode 105 over the n-well region 102,
before 1on-1implantation of p-type impurity into the surface
region of the surface region of the silicon substrate 101 as
well as mnto the gate electrode 105 over the surface region of
the silicon substrate 101 are carried out by self-alignment
technique to thereby form an n-type polysilicon gate elec-
trode 109 over the silicon substrate 101 and n-type source/
drain diffusion layers 107 in the surface region of the silicon
substrate 101. After the still other 1on-1mplantation mask 1is
removed, yet another 1on-1implantation mask 1s formed over
the surface region of the silicon substrate 101 and the gate
clectrode 105 over the silicon substrate 101. Ion-
implantation of p-type impurity into the n-well region 102 as
well as 1nto the gate electrode 1035 over the n-well region 102
are carried out by self-alignment technique to thereby form
a p-type polysilicon gate electrode 110 over the n-well
region 102 and p-type source/drain diffusion layers 108 in
the surface region of the n-well region 102. As a
modification, it 1s, of course, possible that the p-type poly-
silicon gate electrode 110 and the p-type source/drain dif-
fusion layers 108 have been formed before the n-type
polysilicon gate electrode 109 and the n-type source/drain
diffusion layers 107 are formed. Subsequently, the silicon
substrate 101 1s subjected to a heat treatment at a tempera-
ture of 900° C. for 20 minutes in a nitrogen atmosphere for
recovery from crystal defects caused by ion-implantation
and for activation of 1mpur1ty doped thereinto. As a result,
n-type source/drain diffusion layers 107 with lightly doped
drain structure and p-type source/drain diffusion layers 108
with lightly doped drain structure are formed.

Spontaneous oxide films are removed by diluted fluorine
acid solution from surfaces of the n-type and p-type poly-
silicon gate electrodes 109 and 110 as well as from surfaces
of the n-type source/drain diffusion layers 107 and the p-type
source/drain diffusion layers 108. Subsequently, a 5 at %
tungsten containing titanium film 111 1s enfirely deposited
by sputtering a target of titanium containing tungsten at a 5
at % concentration of tungsten to a total amount of tungsten
and titanium. The 5 at % tungsten containing titanium film
111 extends over the field oxide films 103, the n-type and
p-type source/drain diffusion layers 107 and 108, the n-type
and p-type polysilicon gate electrodes 109 and 110 and the
side wall oxide films 106. The 5 at % tungsten containing
titanium film 111 1s a titanium film containing tungsten at a
5 at % concentration of tungsten to a total amount of
tungsten and titanium. The 5 at % tungsten containing
titanium film 111 has a thickness of 30 nanometers.

With reference to FIG. 7C, the silicon substrate 101 i1s
subjected to a rapid thermal annealing at a temperature of
690° C. for 30 seconds in a nitrogen atmosphere to cause
silicidation reactions. The 5 at % tungsten containing tita-
nium film 111 1n contact with the n-type and p-type source/
drain diffusion layers 107 and 108 and the n-type and p-type
polysilicon gate electrodes 109 and 110 shows silicidation
reactions of titanium and tungsten with silicon or polysili-
con. As a result, C49-structured titanium silicide films 112
containing tungsten at a 5 at % concentration of tungsten to
a total amount of tungsten and titamium i1n the form of
substitutional solid solution are provided 1n self-alignment
or salicidation technique so that the C49-structured 5 at %
tungsten containing titanium silicide films 112 extend over
the n-type and p-type source/drain diffusion layers 107 and
108 and the n-type and p-type polysilicon gate electrodes
109 and 110. On the other hand, the 5 at % tungsten

containing titanium {ilm 111 in contact with the field oxide

films 103 and the side wall oxide films 106 as well as a
surface region of the 5 at % tungsten containing titanium
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film 111 show nitration reaction of titanium and tungsten
with nitrogen. As a result, a titanlum nitride film 113
containing tungsten 1s provided, which extends over the field
oxide films 103 and the side wall oxide films 106 as well as
over a surface of the C49-structured 5 at % tungsten con-
taining titanium silicide film 112.

With reference to FIG. 7D, only the tungsten containing
fitantum nitride films 113 are removed from the field oxide
f1lms 103 and the side wall oxide films 106 by a wet etching
with a mixing solution of ammonia water and hydrogen
peroxide water.

With reference to FIG. 7E, a first inter-layer insulator 116
made of silicon oxide 1s entirely deposited which extends
over the C49-structured 5 at % tungsten containing titanium
silicide films 112, the field oxide films 103 and the side wall
oxide films 106. Subsequently, a second inter-layer insulator
117 made of silicon oxide containing impurity such as boron
or phosphorus 1s deposited over the first inter-layer insulator
116. The first and second inter-layer insulators 116 and 117
are annealed by a furnace-anneal at a temperature of 800° C.
The C49-structured 5 at %-tungsten containing titanium
silicide films 112, however, show no phase transition from
C49-structure to C54-structure as being highly heat-
resistive. The C49-structured 5 at %-tungsten containing
fitantum silicide films 112 remain 1n C49-structure of tita-
nium silicide containing tungsten i1n substitutional solid
solution. The C49-structured 5 at %-tungsten containing
fitantum silicide films 112 show no variations 1n thickness
and 1n composition nor deformation. The C49-structured 5 at
%-tungsten containing titanium silicide films 112 remain
uniform 1n thickness and in composition. The (C49-
structured 5 at %-tungsten containing titanium silicide films
112 remain low 1n sheet resistance.

Second Embodiment

A second embodiment according to the present invention
will be described with reference to FIGS. 8A through 8F
which are fragmentary cross sectional elevation views 1llus-
trative of fabrication processes for fabricating CMOS tran-
sistors having a tungsten containing titanium salicide struc-
ture over a silicon substrate.

With reference to FIG. 8A, an n-well region 202 1s
selectively formed 1n a p-type silicon substrate 201 by an
lon-implantation of n-type impurity. Field oxide films 203
are selectively formed on a surface of the silicon substrate
201 by a local oxidation of silicon method. The filed oxide
films 203 have a thickness of 300 nanometers. The filed
oxide films 203 surround active regions on the n-well region
202 and the surface region of the p-type silicon substrate
201. Gate oxide films 204 are formed on the active regions
on the n-well region 202 and the surface region of the p-type
silicon substrate 201. The gate oxide films 204 have a
thickness of 6 nanometers. A polysilicon film having a
thickness of 150 nanometers 1s entirely formed, which
extends over the field oxide films 203 and the gate oxade
films 204. The polysilicon film 1s patterned by a photo-
lithography method and a subsequent dry etching method to
form gate electrodes 205 on the gate oxide films 204 formed
on the active regions on the n-well region 202 and on the
surface region of the p-type silicon substrate 201. By use of
photo-lithography, an 1on-implantation mask 1s formed over
the n-well region 202 before lightly n-doped diffusion layers
215 are formed 1n the surface region of the silicon substrate
201 by 1on-implantation of n-type impurity in seli-
alignment. The 1on-1implantation mask i1s removed and there-
after by use of the photo-lithography, another 1on-
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implantation mask 1s formed over the surface region of the
silicon substrate 201 before lightly p-doped diffusion layers
216 are formed in the surface region of the n-well region 202
by 1on-implantation of p-type impurity in self-alignment.
The other i1on-implantation mask 1s removed. As a
modification, 1t 1s, of course, available that the lightly
p-doped ditfusion layers 216 have been formed before the
lightly n-doped diffusion layers 215 are formed. A silicon

oxide film having a thickness of 70 nanometers 1s entirely
formed which extends over the filed oxide films 203, the

lightly n-doped diffusion layers 215, the lightly p-doped
diffusion layers 216 and the gate electrodes 205. The silicon
oxide film 1s then selectively removed by an etch back
method to form side wall oxide films 206 at opposite sides
of each of the gate electrodes 208.

With reference to FIG. 8B, still another 1on-1implantation
mask 1s formed over the surface region of the n-well region
202 and the gate electrode 205 over the n-well region 202,
before 1on-1implantation of p-type impurity into the surface
region of the surface region of the silicon substrate 201 as
well as mnto the gate electrode 205 over the surface region of
the silicon substrate 201 are carried out by self-alignment
technique to thereby form an n-type polysilicon gate elec-
trode 209 over the silicon substrate 201 and n-type source/
drain diffusion layers 207 in the surface region of the silicon
substrate 201. After the still other 1on-1implantation mask 1is
removed, yet another 1on-implantation mask 1s formed over
the surface region of the silicon substrate 201 and the gate
clectrode 205 over the silicon substrate 201. Ion-

implantation of p-type impurity into the n-well region 202 as
well as 1nto the gate electrode 205 over the n-well region 202
are carried out by self-alignment technique to thereby form
a p-type polysilicon gate electrode 210 over the n-well
region 202 and p-type source/drain diffusion layers 208 in
the surface region of the n-well region 202. As a
modification, it 1s, of course, possible that the p-type poly-
silicon gate electrode 210 and the p-type source/drain dif-
fusion layers 208 have been formed before the n-type
polysilicon gate electrode 209 and the n-type source/drain
diffusion layers 207 are formed. Subsequently, the silicon
substrate 201 1s subjected to a heat treatment at a tempera-
ture of 900° C. for 20 minutes in a nitrogen atmosphere for
recovery from crystal defects caused by 1on-implantation
and for activation of 1mpur1ty doped thereinto. As a result,
n-type source/drain diffusion layers 207 with lightly doped
drain structure and p-type source/drain diffusion layers 208
with lightly doped drain structure are formed.

Spontaneous oxide films are removed by diluted fluorine
acid solution from surfaces of the n-type and p-type poly-
silicon gate electrodes 209 and 210 as well as from :surfaces
of the n-type source/drain diffusion layers 207 and the p-type
source/drain diffusion layers 208. Subsequently, a titanium
film 211 1s entirely deposited by sputtering a target of
titanium. The titanium film 211 extends over the field oxide
f1lms 203, the n-type and p-type source/drain diffusion layers
207 and 208, the n-type and p-type polysilicon gate elec-
trodes 209 and 210 and the side wall oxide films 206. The

titanium film 211 has a thickness of 30 nanometers.

With reference to FIG. 8C, an 1on-implantation of tung-
sten 1nto the titanium film 211 1s carried out at a dose in the
range of above 3.0x10'"ecm™ to 3.0x10"°cm™ and at an
implantation energy of 10 keV to form a tungsten containing
titanium film 212 which 1s a titanium {ilm containing tung-
sten at a concentration of tungsten to a total amount of
tungsten and titanium 1n the range of above 1 at % to 10 at

%.

With reference to FIG. 8D, the silicon substrate 201 1s
subjected to a rapid thermal annecaling at a temperature of
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690° C. for 30 seconds in a nitrogen atmosphere to cause
silicidation reactions. The tungsten containing titanium film
212 1 contact with the n-type and p-type source/drain
diffusion layers 207 and 208 and the n-type and p-type
polysilicon gate electrodes 209 and 210 shows silicidation
reactions of titantum and tungsten with silicon or polysili-
con. As a result, C49-structured titanium silicide films 213
containing tungsten 1n the range of above 1 at % to 10 at %
in a concentration of tungsten to a total amount of tungsten
and titanium 1n the form of substitutional solid solution are
provided 1n self-alignment or salicidation technique so that
the C49-structured tungsten containing titanium silicide
films 213 extend over the n-type and p-type source/drain
diffusion layers 207 and 208 and the n-type and p-type
polysilicon gate electrodes 209 and 210. On the other hand,
the tungsten containing titanium film 212 in contact with the
field oxide films 203 and the side wall oxide films 206 as
well as a surface region of the tungsten containing titanium
film 212 show nitration reaction of titanium and tungsten
with nitrogen. As a result, a titanium nitride film 214
containing tungsten 1s provided, which extends over the field
oxide films 203 and the side wall oxide films 206 as well as
over a surface of the (C49-structured tungsten containing
fitantum silicide film 213.

With reference to FIG. 8E, only the tungsten containing
fitantum nitride films 214 are removed from the field oxide
f1lms 203 and the side wall oxide films 206 by a wet etching
with a mixing solution of ammonia water and hydrogen
peroxide water.

With reference to FIG. 8F, a first inter-layer insulator 217
made of silicon oxide 1s entirely deposited which extends
over the C49-structured tungsten containing titanium sili-
cide films 213, the field oxide films 203 and the side wall
oxide films 206. Subsequently, a second 1nter-layer insulator
218 made of silicon oxide containing 1impurity such as boron
or phosphorus 1s deposited over the first inter-layer insulator
217. The first and second 1nter-layer insulators 217 and 218
are annealed by a furnace-anneal at a temperature of 800° C.
The C49-structured tungsten containing titanium silicide
films 213, however, show no phase transition from (C49-
structure to C54-structure as being highly heat-resistive. The
(C49-structured tungsten containing titanium silicide films
213 remain 1n C49-structure of titanium silicide containing,
tungsten 1n substitutional solid solution. The C49-structured
tungsten containing titanium silicide films 213 show no
variations 1n thickness and 1n composition nor deformation.
he C49-structured tungsten containing titanium silicide
ms 213 remain uniform 1n thickness and in composition.
he C49-structured tungsten containing titanium silicide
ms 213 remain low 1n sheet resistance.

= = =R

Third Embodiment

A third embodiment according to the present invention
will be described with reference to FIGS. 9A through 9E
which are fragmentary cross sectional elevation views 1llus-
trative of fabrication processes for fabricating CMOS tran-
sistors having a tungsten containing titanium salicide struc-
ture over a silicon substrate.

With reference to FIG. 9A, an n-well region 302 1s
selectively formed 1n a p-type silicon substrate 301 by an
lon-implantation of n-type impurity. Field oxide films 303
are selectively formed on a surface of the silicon substrate
301 by a local oxidation of silicon method. The filed oxide
films 303 have a thickness of 300 nanometers. The filed
oxide films 303 surround active regions on the n-well region
302 and the surface region of the p-type silicon substrate
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301. Gate oxide films 304 are formed on the active regions
on the n-well region 302 and the surface region of the p-type
silicon substrate 301. The gate oxide films 304 have a
thickness of 6 nanometers. A polysilicon film having a
thickness of 150 nanometers 1s entirely formed, which
extends over the field oxide films 303 and the gate oxide
films 304. The polysilicon film 1s patterned by a photo-
lithography method and a subsequent dry etching method to
form gate electrodes 305 on the gate oxide films 304 formed
on the active regions on the n-well region 302 and on the
surface region of the p-type silicon substrate 301. By use of
photo-lithography, an 1on-implantation mask 1s formed over
the n-well region 302 before lightly n-doped diffusion layers
314 are formed 1n the surface region of the silicon substrate
301 by 1on-implantation of n-type 1mpurity in seli-
alignment. The 1on-1mplantation mask i1s removed and there-
after by use of the photo-lithography, another 1on-
implantation mask 1s formed over the surface region of the
silicon substrate 301 before lightly p-doped diffusion layers
315 are formed in the surface region of the n-well region 302
by 1on-implantation of p-type impurity in self-alignment.
The other 1on-implantation mask 1s removed. As a
modification, 1t 1s, of course, available that the lightly
p-doped diffusion layers 315 have been formed before the
lightly n-doped diffusion layers 314 are formed. A silicon
oxide film having a thickness of 70 nanometers 1s entirely
formed which extends over the filed oxide films 303, the
lightly n-doped diffusion layers 314, the lightly p-doped
diffusion layers 315 and the gate electrodes 305. The silicon
oxide film 1s then selectively removed by an etch back

method to form side wall oxide films 306 at opposite sides
of each of the gate electrodes 305.

With reference to FIG. 9B, still another 1on-implantation
mask 1s formed over the surface region of the n-well region
302 and the gate electrode 305 over the n-well region 302,
before 1on-1implantation of p-type impurity into the surface
region of the surface region of the silicon substrate 301 as
well as into the gate electrode 305 over the surface region of
the silicon substrate 301 are carried out by self-alignment
technique to thereby form an n-type polysilicon gate elec-
trode 309 over the silicon substrate 301 and n-type source/
drain diffusion layers 307 in the surface region of the silicon
substrate 301. After the still other 1on-implantation mask 1s
removed, yet another 1on-1mplantation mask 1s formed over
the surface region of the silicon substrate 301 and the gate
clectrode 305 over the silicon substrate 301. Ion-
implantation of p-type impurity into the n-well region 302 as
well as 1nto the gate electrode 3035 over the n-well region 302
are carried out by self-alignment technique to thereby form
a p-type polysilicon gate electrode 310 over the n-well
region 302 and p-type source/drain diffusion layers 308 in
the surface region of the n-well region 302. As a
modification, it 1s, of course, possible that the p-type poly-
silicon gate electrode 310 and the p-type source/drain dif-
fusion layers 308 have been formed before the n-type
polysilicon gate electrode 309 and the n-type source/drain
diffusion layers 307 are formed. Subsequently, the silicon
substrate 301 1s subjected to a heat treatment at a tempera-
ture of 900° C. for 20 minutesin a nitrogen atmosphere for
recovery from crystal defects caused by 1on-implantation
and for activation of impurity doped thereinto. As a result,
n-type source/drain diffusion layers 307 with lightly doped
drain structure and p-type source/drain diffusion layers 308
with lightly doped drain structure are formed.

An 1on-1mplantation of arsenic 1ons 1nto upper regions of
the n-type and p-type polysilicon gate electrodes 309 and
310 as well as into the n-type and p-type source/drain
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diffusion layers 307 and 308 1s carried out at a dose of
3.0x10'* ¢cm™* and at an ion-implantation energy of 30 keV
thereby to form amorphous silicon layers 320 over the
n-type and p-type polysilicon gate electrodes 309 and 310 as
well as over the n-type and p-type source/drain diffusion
layers 307 and 308. The amorphous silicon layers 320 have
a depth or a thickness of 30 nanometers.

Spontaneous oxide films are removed by diluted fluorine
acid solution from surfaces of the amorphous silicon layers

320.

With reference to FIG. 9C, a 5 at % tungsten containing
fitantum film 1s entirely deposited by sputtering a target of
fitantum containing tungsten at a 5 at % concentration of
tungsten to a total amount of tungsten and titanium, wherein
the silicon substrate 301 1s heated at a substrate temperature
of 450° C. The 5 at % tungsten containing titanium film
extends over the field oxide films 303, the n-type and p-type
source/drain diffusion layers 307 and 308, the n-type and
p-type polysilicon gate electrodes 309 and 310 and the side
wall oxide films 306. The 5 at % tungsten containing
fitanium film 1s a titanium film containing tungsten at a 5 at
% concentration of tungsten to a total amount of tungsten
and titanium. The 5 at % tungsten containing titanium film
311 has a thickness of 30 nanometers. Since the silicon
substrate 301 has been heated at a substrate temperature of
450° C., the 5 at % tungsten containing titanium film in
contact with the n-type and p-type source/drain diffusion
layers 307 and 308 and the n-type and p-type polysilicon
gate electrodes 309 and 310 shows silicidation reactions of
fitantum and tungsten with silicon or polysilicon. As a resullt,
(C49-structured titanium silicide films 312 containing tung-
sten at a 5 at % concentration of tungsten to a total amount
of tungsten and titanium 1n the form of substitutional solid
solution are provided 1n self-alignment or salicidation tech-
nique so that the C49-structured 5 at % tungsten containing
fitanium silicide films 312 extend over the n-type and p-type
source/drain diffusion layers 307 and 308 and the n-type and
p-type polysilicon gate electrodes 309 and 310. On the other
hand, the 5 at % tungsten containing titantum film in contact
with the field oxide films 303 and the side wall oxide films
306 as well as a surface region of the 5 at % tungsten
containing titantum film show nitration reaction of titanium
and tungsten with nitrogen. As a result, a titantum nitride
film 313 containing tungsten 1s provided, which extends
over the field oxide films 303 and the side wall oxide films
306 as well as over a surface of the C49-structured 5 at %
tungsten containing titanium silicide film 312. The amor-
phous silicon layers 320 are also made into monocrystal
silicon layer and polycrystal silicon layer by the heat treat-
ment at the substrate temperature of 450° C. The silicidation
reaction of titanium and tungsten with silicon 1n amorphous
silicon may be caused at such a low temperature as 450° C.

With reference to FIG. 9D, only the tungsten containing
fitantum nitride films 313 are removed from the field oxide
f1lms 303 and the side wall oxide films 306 by a wet etching
with a mixing solution of ammonia water and hydrogen
peroxide water.

With reference to FIG. 9E, a first inter-layer insulator 316
made of silicon oxide 1s entirely deposited which extends
over the C49-structured 5 at % tungsten containing titantum
silicide films 312, the field oxide films 303 and the side wall
oxide films 306. Subsequently, a second inter-layer insulator
317 made of silicon oxide containing 1impurity such as boron
or phosphorus 1s deposited over the first inter-layer insulator
316. The first and second inter-layer insulators 316 and 317
are annealed by a furnace-anneal at a temperature of 800° C.
The C49-structured 5 at %-tungsten containing titanium
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silicide films 312, however, show no phase transition from
C49-structure to C54-structure as being highly heat-
resistive. The C49-structured 5 at %-tungsten containing
fitanium silicide films 312 remain 1n C49-structure of tita-
nium silicide containing tungsten in substitutional solid
solution. The C49-structured 5 at %-tungsten containing
fitanium silicide films 312 show no variations 1n thickness
and 1n composition nor deformation. The C49-structured 5 at
%-tungsten containing titanium silicide films 312 remain
uniform 1n thickness and in composition. The (C49-

structured 5 at %-tungsten containing titanium silicide films
312 remain low 1n sheet resistance. The C49-structured 5 at

%-tungsten containing titanium silicide films 312 of this
third embodiment are lower 1n sheet resistance than that of
the first and second embodiment.

Whereas modifications of the present invention will be
apparent to a person having ordinary skill 1n the art, to which
the mmvention pertains, it 1s to be understood that embodi-
ments as shown and described by way of 1llustrations are by
no means 1ntended to be considered n a limiting sense.
Accordingly, 1t 1s to be intended to cover by claims any
modifications of the present invention which fall within the
spirit and scope of the present invention.

What 1s claimed 1s:

1. A C49-structured titanium silicide film which contains
at least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution,

wherein a concentration of said refractory metal to a total
amount of titanium and said refractory metal 1s in the
range of above 1 at % to not more than 20 at %.

2. The C49-structured titanium silicide film as claimed 1n
claim 1, wherein said concentration of said refractory metal
to said total amount of titantum and said refractory metal 1s
in the range of above 1 at % to not more than 10 at %.

3. The C49-structured titanium silicide film as claimed 1n
claim 2, wherein said concentration of said refractory metal
to said total amount of titantum and said refractory metal 1s
5 at %.

4. The C49-structured titanium silicide film as claimed 1n
claim 1, wherein said refractory metal 1s tungsten.

5. The C49-structured titanium silicide film as claimed 1n
claim 1, wherein said C49-structured titanium silicide film
contains a plurality of refractory metals having higher
melting points than titanium.

6. The C49-structured titantum silicide film as claimed 1n
claim 1, wherein said C49-structured titanium silicide film
shows no phase transition when said C49-structured tita-
nium silicide film 1s subjected to a heat treatment of not less
than 800° C.

7. The C49-structured titanium silicide film as claimed 1n
claim 1, wherein said C49-structured titanium silicide film
further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
tutional solid solution, provided that said additional refrac-
tory metal has a lower concentration than said refractory
metal having a higher melting point than titanium so that
said C49-structured titanium silicide film remains highly
heat-resistive and shows no deformation when said (C49-
structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

8. The C49-structured titanium silicide film as claimed 1n
claim 1, wherein said C49-structured titanium silicide film
has a sheet resistance of not more than 50 uf2cm.

9. A C49-structured titanium silicide film which contains
at least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution,

wherein said C49-structured titanium silicide film has a
sheet resistance of not more than 60 uf2cm, and shows
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no phase transition when said C49-structured titanium
silicide film 1s subjected to a heat treatment of not less
than 800° C.

10. The C49-structured titanium silicide film as claimed 1n
claim 9, wherein a concentration of said refractory metal to
a total amount of titanium and said refractory metal 1s in the
range of above 1 at % to not more than 10 at %.

11. The C49-structured titantum silicide film as claimed 1n
claim 10, wherein said concentration of said refractory metal
to said total amount of titanium and said refractory metal 1s
5 at %.

12. The C49-structured titanium silicide film as claimed 1n
claim 9, wherein said refractory metal 1s tungsten.

13. The C49-structured titanium silicide film as claimed 1n
claim 9, wherein said C49-structured titanium silicide film
contains a plurality of refractory metals having higher
melting points than titanium.

14. The C49-structured titanium silicide f1lm as claimed 1n
claim 9, wherein said C49-structured titanium silicide film
further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
tutional solid solution, provided that said additional refrac-
tory metal has a lower concentration than said refractory
metal having a higher melting point than titanium so that
said C49-structured titanium silicide film remains highly
heat-resistive and shows no deformation when said C49-
structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

15. A C49-structured titanium silicide film which contains
at least a refractory metal having a higher melting point than
titanium 1n the form of a substitutional solid solution,

wherein a concentration of said refractory metal to a total
amount of titanmium and said refractory metal 1s not
more than 20 at % so that said C49-structured titanium
silicide film shows no phase transition when said
(C49-structured titanium silicide film 1s subjected to a
heat treatment of not less than 800° C.

16. The C49-structured titanium silicide f1lm as claimed 1n
claim 15, wherein said concentration of said refractory metal
to said total amount of titanium and said refractory metal 1s
in the range of above 1 at % to not more than 10 at %.
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17. The C49-structured titanium silicide film as claimed 1n
claim 16, wherein said concentration of said refractory metal
to said total amount of titantum and said refractory metal 1s

5 at %.

18. The C49-structured titanium silicide film as claimed 1n
claim 15, wherein said refractory metal 1s tungsten.

19. The C49-structured titanium silicide film as claimed
claim 15, wherein said C49-structured titanium silicide film
contamns a plurality of refractory metals having higher
melting points than titanium.

20. The C49-structured titanium silicide film as claimed 1n
claim 15, wherein said C49-structured titanium silicide film
further contains an additional refractory metal having a
lower melting point than titanium in the form of a substi-
tutional solid solution, provided that said additional refrac-
tory metal has a lower concentration than said refractory
metal having a higher melting point than titanium so that
said C49-structured titanium silicide film remains highly
heat-resistive and shows no deformation when said C49-
structured titanium silicide film 1s subjected to a heat treat-
ment of not less than 800° C.

21. The C49-structured titanium silicide film as claimed 1n
claim 15, wherein said C49-structured titanium silicide film
has a sheet resistance of not more than 50 uf2cm.

22. A C49-structured titanium silicide film which contains
tungsten 1n the form of a substitutional solid solution,

wherein a concentration of tungsten to a total amount of
fitanium and tungsten 1s in the range of above 1 at % to

not more than 10 at % so that said C49-structured
titanium silicide film has a sheet resistance of not more

than 50 w2, and that said C49-structured titanium

silicide film shows no phase transition when said

(C49-structured titanium silicide film 1s subjected to a
beat treatment of not less than 800° C.

23. The C49-structured titanium silicide film as claimed 1n

claim 22, wherein said concentration of tungsten to said total
amount of titanium and tungsten 1s 5 at %.
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